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INTRODUCTION
This system definition document was prepared as part of an Oak Ridge National Laboratory (ORNL) study of the U.S. domestic Duke, Cogema, and Stone & Webster (DCS) weapons-grade plutonium disposition mixed-oxide (MOX) project. This document pertains to the Duke Power Catawba Nuclear Station Units 1 and 2, located near Rock Hill, South Carolina. A photograph of the Catawba site is shown in Fig. 1 . The purpose of this report is to provide and present all of the data required to model the nuclear reactors with ORNL physics codes. These data are either documented information or best-estimate assumptions. [1] [2] [3] [4] The images and maps presented in this report were obtained from the Web sites for Westinghouse, Duke Energy, and Framatome Technologies. The Catawba nuclear reactors are both Westinghouse pressurized-water reactors (PWRs) with 4-loop cooling systems (Fig. 4) . The reactors are licensed to produce 3411 MW(t), which currently converts to an electrical capacity of 1129 MW(e). The reactor cores comprise 193 fuel assemblies of the 17 × 17 design, with 264 fuel pins per assembly. The fuel assembly "vehicle" for the MOX fuel will be based on the state-of-the-art Framatome/ COGEMA Fuels (FCF) Advanced Mark-BW 17 × 17 fuel assembly (see Fig. 6 ). The Mark-BW was developed as replacement fuel for Westinghouse 17 × 17 plants and has good service records in the McGuire, Catawba, and Trojan nuclear plants. The Mark-BW is licensed for application in Westinghouse 17 × 17 plants to a critical heat flux (CHF) performance level 26% higher than resident fuel. FCF has delivered more than 1100 Mark-BW fuel assemblies. The new MOX assembly is compatible with the FCF Mark-BW fuel assembly design (currently in McGuire and Catawba nuclear stations). DCS will ensure that the weapons-grade (WG) plutonium MOX fuel assembly will be compatible with existing 17 × 17 lowenriched uranium (LEU) fuel assemblies in the reactor core during the lead assembly testing program and then during the production-scale MOX fuel utilization.
The design makes use of European MOX fuel experience of irradiating cores of MOX and LEU fuel assemblies. The advanced micronized master blend (A-MIMAS) process will be used by COGEMA to fabricate WG plutonium MOX fuel as a ceramic PuO 2 -and-UO 2 fuel pellet with 2 to 5 wt % fissile plutonium. This process is consistent with the MIMAS process currently being used to fabricate reactor-grade MOX fuel. The nuclear design of the MOX fuel assembly has to account for differences in the nuclear characteristics between MOX and LEU fuel. The thermal absorption cross section for MOX is quite a bit larger than for LEU and results in lower neutron flux levels in MOX fuel assemblies compared to LEU fuel assemblies. This causes a large thermal neutron flux gradient at the MOX/LEU interfaces, which could result in high-power peaking factors in the outermost pins of the MOX fuel assemblies.
Also, the large thermal absorption and fission cross sections of MOX fuel results in a hardened neutron spectrum that reduces the effectiveness of the thermal neutron absorbers, namely, the soluble boron, the burnable poison (BP) rods, and the control rods. The differences between the two fuel types also produce different depletion behavior. The differences in the fuel characteristics are manageable through careful selection of assembly average plutonium enrichments and enrichment zoning within the MOX fuel assembly. Thus, neutronic differences between the MOX and LEU fuel can be minimized to lessen the perturbations associated with substituting one fuel type for the other.
SYSTEM DEFINITION
The design details needed for modeling the nuclear reactors at Catawba Nuclear Station Units 1 and 2 include materials and dimensions of reactor components and structures and operating conditions. These actual or assumed data are presented in Tables 1−6 . The quantities are presented below both in "engineering" dimensional units and in the International System of Units (SI) or scientific units, as appropriate and neces sary for use in computer code input. Coating thickness 1.575 mils 0.0040 cm Figure 8 is a similar schematic for the Advanced Mark-BW fuel assembly for MOX fuel. The high peaking factors in MOX fuel assemblies placed in the high flux levels near the LEU assemblies are minimized by reducing the enrichment in the outermost fuel pins in the MOX assemblies compared to the enrichment in the innermost fuel pins.
DCS has selected a three-zone design consistent with Framatome's experience in Europe. The assembly average plutonium enrichments of the MOX fuel assemblies were chosen to minimize the peaking and also to improve the interchangeability of the MOX and LEU fuel. This was accomplished by establishing MOX fuel assembly average enrichments of 4.07 and 4.37 wt % plutonium (see Table 7 ) (based on the distribution of MOX fuel pins with three different levels of plutonium content). These MOX fuel assemblies produce about the same equivalent energy as the LEU fuel assemblies used in the 18-month fuel cycles at the McGuire, Catawba, and North Anna nuclear stations. The initial reactivity of a MOX assembly is less than that of the equivalent LEU fuel (which has the same lifetime average reactivity). The reactivity of the MOX fuel decreases at a lower rate than LEU of equivalent enrichment.
Figures 9 to 14 display the various configurations for placement of integral fuel burnable absorbers (IFBAs) in the Mark-BW 17 × 17 PWR fuel assemblies. For the DCS plutonium disposition program, it has not been decided whether IFBAs will be placed in MOX fuel assemblies and in LEU UO 2 fuel assemblies or only in the UO 2 fuel assemblies. The regions and components of the fuel assemblies are color-coded for clarity.
Figures 15 to 20 display the configurations for placing between 4 and 24 burnable poison rods (BPs) in the Mark-BW fuel assemblies. For clarity, the major regions are color-coded as indicated in the legends.
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FUEL MANAGEMENT STRATEGY
The DCS strategy currently calls for an initial irradiation of two MOX lead test assemblies (LTAs). Currently, the MOX LTA irradiation is planned only for the McGuire reactors. After successful irradiation, this will be followed by a controlled transition from an all-LEU fuel core through several partial MOX fuel reloads over several operating cycles. The DCS fuel management plan will irradiate the MOX fuel assemblies for two cycles (average discharge burnup is about 40,000 MWd/kgHM) and LEU fuel assemblies for three cycles. The equilibrium MOX cores at Catawba Units 1 and 2 will have equilibrium MOX core fractions of about 40%. A plausible loading pattern is shown in Fig. 21 for an equilibrium situation. To maintain the MOX core fraction at ~40%, the number of feed MOX assemblies will have to alternate between 36 and 40 assemblies on subsequent reload cycles. The loading pattern depicted in Fig. 21 The DCS fuel management strategy encompasses the following constraints, limits, and details: • 18-month fuel cycles, which are consistent with the LEU situation • fuel pins for MOX and LEU with cladding OD of 0.374 in. (0.950 cm)-this is consistent with current LEU fuel pins • MOX fuel assembly consistent with current LEU designs
